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.0B25E5<5D?0
&+,61'3828*12+5/;,1 50+587<1*+/=1''>9?((@9?(AB')'(9 <-+/12+7''CD'*E/5,54/1'-,'<50-.-F.1GH'

%#I'<50'1+'<87+'+5-/+1312+''>(J'38/7B)
" $-/..1'$9'-K/-.
" >L%B')'5-+/8'7/42-.'*83<87-2+1'+/77,.-/51'1+'.1'3,7*.1'-6M-*12+'12'$9''>+,385 L%N3,7*.1'L%B
" $-/..1'$9'*83<87-2+1'O7/42-.
"P-5+845-<E/1'"QP

#RNP$

!50'$$$

!87+'$$$
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!50

!87+

!50

!87+'

"Q/3/2,+/82'+-/..1'12'$9
"Q/3/2,+/82'61'.-'*83<87-2+1'O7/42-.
"Q/3/2,+/82'5-+/8'>L%B

#13/205-./7-+/82 7-,T'7;,1.1++1'
-K/-.'1+'$$$'*E/5,54/*-.'<50-.-F.1

%2+05U+'61'.V%#I'*E1W'*17'<-+/12+7



63B?5110<I%

%612+/T/15'.17'<-5-3X+517';,-2+/+-+/T7'61'<15T,7/82@%#I';,/'782+'*8550.07'
-,'45-61'N'20*5871'+,385-.'E/7+8.84/;,1



$,31,5'4.8F-.1$,31,5'4.8F-.1

!-5+/1'+/77,.-/51

Y'20*5871'+,385-.1'>%Z%B

.0B25E5<5D?0

&+,61'3828*12+5/;,1 50+587<1*+/=1''>9?(A@9?(SB')':( <-+/12+7''CD@JD'-27GH'
%#I':$H''3/2':'38/7'-=-2+'*E/5,54/1'
(J'P$H'A'#$H'['>@B'
(J'$\]7N'(:'L$I

C45-61@ 6/TT0512*/-+/82@ /261K'61'20*5871@ /261K'3/+871G
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M+-+*O9-':%:'*$LK"+(9$9+9$): )

"/51'78,7'.-'*8,5F1

O-,+1,5'61'</*NF-71./21

!12+1'/2/+/-.1

M+-+*O9-':%&'%F'-*@+=$>$9@%>$('[??'37B)

P827+-2+1'61'<1530-F/./+0'

P827+-2+1'61'+5-27T15+

^8.,31'1K+5-=-7*,.-/51@1K+5-*1..,.-/51
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9'458,<17)
_-7'45-61)(`9
O-,+'45-61)':

!-+/12+'''''''''''''''''''''''''''''''''''''''''''''E/7+8.84/1'''''''''''''''''''''''''''''''a#"Q&'>bZcPPN_58615V7B'''''''''''''''''''''''''''Z0*5871
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"(A')'/261K'61'20*5871'F-7
"(S)'/261K'61'20*5871'0.1=0

%Z%'>Y'20*5871'*-.*,.0'B')'6/TT0512+'12+51'.17'61,K'458,<17'>*+,#$##-B

L8,7'17+/3-+/82'61':9'd'eJY
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" !-5-3X+517'713/@;,-2+/+-+/T7')'"fP'N'3-K/3,3'L.8<1 g Z0*5871'$\'E/7+8.84/;,1
#1<586,*+/F/./+0'/2+15@8F15=-+1,5

" c1'<8,5*12+-41'61'20*5871'*-.*,.0'>%Z%B)'78,7'17+/30'<-5'5-<<85+'d'.-'20*5871'E/7+8.84/;,1H
3-/7'F82'51T.1+''61'20*5871'$'6-27'.1'*-651'6V,2'7,/=/

" !-5-3X+517'<1530-F/./+07'>h1<N'^1B'g a5-61'$ )''T-/F.1'-778*/-+/82

"_/-/7)'T-/F.1'283F51H'E0+0584020/+0'705/1

60HR<B3BH%0B%M06HM08B?S0HI



?1B65ER8B?51M36B?0%T
U/L.6?
?1B65ER8B?51

@ I0+-7+-717'87'1+'+/77,7'38,7'78,=12+'-2+05/1,517'-,K'30+-7+-717'<,.382-/517
@ c07/827'<1,'T/K-2+17 -,'$&!@7*-2215H'
@ b-/F.1'*82+5-7+1'-,'7*-2215'<-5'5-<<85+'-,K'+/77,7'-6M-*12+7
@ L0;,12*17'$9'L$%#'1+'Q/TT,7/82)'1K+5U31312+'7127/F.1

63B?5110<

(JbQa@!&$NP$ $9'L$%# Q/TT,7/82'>$5-*1B
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@ I0+-7+-717'87'1+'+/77,7'38,7'78,=12+'-2+05/1,517'-,K'30+-7+-717'<,.382-/517
@ c07/827'<1,'T/K-2+17 -,'$&!@7*-2215H'
@ b-/F.1'*82+5-7+1'-,'7*-2215'<-5'5-<<85+'-,K'+/77,7'-6M-*12+7
@ L0;,12*17'$9'L$%#'1+'Q/TT,7/82)'1K+5U31312+'7127/F.1

63B?5110<

(JbQa@!&$NP$ $9'L$%# Q/TT,7/82'>$5-*1B

P83<-5-/782 P$'=7\'i_@I#%
! 7/42/T/*-+/=1312+ <.,7'61'.07/827 60+1*+017 -=1*'.V%#I

L+1=12782'1+'-.\'&jL]'9?(D'''''''
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.0B25E5<5D?0
&+,61'3828*12+5/;,1 51+587<1*+/=1 50-./7011 7,5'(?'-27'>I*a/..'f2/=157/+kB
::'<-+/12+7

L,/=/'L$"ZQ"#Q'<-5)''''''@ P$'+E85-*/;,1'>N:38/7'g 9-27B'
@ <,/7'#R +E85-K'>ND38/7'g e-27'<,/7'N-2'g (?-27B

i_@I#%'&Z'!cfL'>/2+15=-..17'/5504,./157'g (e?'1K-3127B'
%613)'P$'-F683/2-.H'!&$@P$

L,/=/'L$"ZQ"#Q'<-5)''''''@
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60HR<B3BH
['N::'<-+/12+7'82+'1,',21'51*E,+1'30+-7+-+/;,1
#1*E,+1'-7k3<+83-+/;,1'*E1W'JN['<-+/12+7'

L/+1'/2/+/-.'61'51*E,+1'30+-7+-+/;,1)'?N['<,.382-/51\
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60HR<B3BH

./01234 15,62$,74121562,8693/2/:;,(#%)

['N::'<-+/12+7'82+'1,',21'51*E,+1'30+-7+-+/;,1
#1*E,+1'-7k3<+83-+/;,1'*E1W'JN['<-+/12+7'

L/+1'/2/+/-.'61'51*E,+1'30+-7+-+/;,1)'?N['<,.382-/51\

c1'7/+1'/2/+/-.'6/-4287+/;,0'<-5)
!i_@I#%)'SN['<-+/12+7

SNS'<-+/12+7)'I0+-7+-71'6-27'.1'*E-3<'61'=,1
6,'7*-2215'*82+13<85-/2'6,'i_@I#%'3-/7
8**,.+1'-,'P$\

! P$'+E85-*/;,1)'(N['<-+/12+
! P$'-F683/2-.)'(N['<-+/12+
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60HR<B3BH
['N::'<-+/12+7'82+'1,',21'51*E,+1'30+-7+-+/;,1
#1*E,+1'-7k3<+83-+/;,1'*E1W'JN['<-+/12+7'

L/+1'/2/+/-.'61'51*E,+1'30+-7+-+/;,1)'?N['<,.382-/51\

c1'7/+1'/2/+/-.'6/-4287+/;,0'<-5)
!i_@I#%)'SN['<-+/12+7

SNS'<-+/12+7)'I0+-7+-71'6-27'.1'*E-3<'61'=,1
6,'7*-2215'*82+13<85-/2'6,'i_@I#%'3-/7
8**,.+1'-,'P$\

! P$'+E85-*/;,1)'(N['<-+/12+
! P$'-F683/2-.)'(N['<-+/12+

./01234 15,62$,74121562,8693/2/:;,(#%)
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60<0S3180%'9%5RS06BR60H

L,<05/85/+0'61'i_@I#%)'<-5+-401'<-5'.17'5-6/8.84,17'1K<15+7
I-2;,1'61'6822017'*83<-5-+/=17'P$'=7\'i_@I#%'<58<517'30+E868.84/;,1312+

<7=>?<@8ABAC,:D39123E1F,(#%G
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60<0S3180%'9%5RS06BR60H

%3<-*+'6V,21'60+1*+/82'<.,7'<50*8*1'617'30+-7+-717'<-5'i_@I#%l
&+,61'*8,+'1TT/*-*/+0l

L,<05/85/+0'61'i_@I#%)'<-5+-401'<-5'.17'5-6/8.84,17'1K<15+7
I-2;,1'61'6822017'*83<-5-+/=17'P$'=7\'i_@I#%'<58<517'30+E868.84/;,1312+
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60<0S3180%'9%5RS06BR60H

&+,617'-2*/..-/517'<8,5'IN#P@c!L'/2*.,7'6-27'.17'177-/7'12'*8,57'1+'d'=12/5)
-M8,+'6V,21'i_@I#%'*8,<.01'-,'P$'.857'617'0=-.,-+/827l

%3<-*+'6V,21'60+1*+/82'<.,7'<50*8*1'617'30+-7+-717'<-5'i_@I#%l
&+,61'*8,+'1TT/*-*/+0l

L,<05/85/+0'61'i_@I#%)'<-5+-401'<-5'.17'5-6/8.84,17'1K<15+7
I-2;,1'61'6822017'*83<-5-+/=17'P$'=7\'i_@I#%'<58<517'30+E868.84/;,1312+



?1B65ER8B?51M36B?0%T
M0BL.6?
?1B65ER8B?51

%#I)'7127/F.1'3-/7'6/7+/2*+/82'6/TT/*/.1 12+51''''+/77,7'T/F58@/2T.-33-+8/517
50*/6/=1\

^-.1,5'-M8,+01'6,'!&$l

63B?5110<
12+51''''+/77,7'
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%#I)'7127/F.1'3-/7'6/7+/2*+/82'6/TT/*/.1 12+51''''+/77,7'T/F58@/2T.-33-+8/517
50*/6/=1\

^-.1,5'-M8,+01'6,'!&$l

63B?5110<
12+51''''+/77,7'

.0B25E0
&+,61'<587<1*+/=1',2/*12+5/;,1
A('<-+/12+7'-=1*'7,7</*/82'*./2/;,1'61'51*E,+1'.8*-.1
"*;,/7/+/82'!&$@%#I'd':'$17.-
a8.6'7+-26-56)'-2-<-+E 1+'7,/=/'5-<<58*E0'12'*-7'6V/3-415/1'204-+/=1
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%#I)'7127/F.1'3-/7'6/7+/2*+/82'6/TT/*/.1 12+51''''+/77,7'T/F58@/2T.-33-+8/517
50*/6/=1\

^-.1,5'-M8,+01'6,'!&$l

63B?5110<
12+51''''+/77,7'

.0B25E0
&+,61'<587<1*+/=1',2/*12+5/;,1
A('<-+/12+7'-=1*'7,7</*/82'*./2/;,1'61'51*E,+1'.8*-.1
"*;,/7/+/82'!&$@%#I'd':'$17.-
a8.6'7+-26-56)'-2-<-+E 1+'7,/=/'5-<<58*E0'12'*-7'6V/3-415/1'204-+/=1

9'5-6/8.84,17)'''''@ c1*+,51'%#I'71,.1
@ (\e'38/7'<.,7'+-56')'.1*+,51'!&$@%#I

P5/+X517'61'51*E,+1)'%#I'385<E8.84/;,1H'%#I'6/TT,7/82H'!&$
`'/26/*1'61'*82T/-2*1'6,'5-6/8.84,1'6-27'782'6/-4287+/*

9'5-6/8.84,17)'''''

61'51*E,+1)'%#I'385<E8.84/;,1H'%#I'6/TT,7/82H'!&$
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60HR<B3BH

9SNA('51*E,+17'.8*-.17'*82T/53017
99N9S'<-5'%#I'71,.1'`'9'T-,K@<87/+/T7'<-5'%#I
9DN9S'<-5'!&$@%#I''`'('T-,K'<87/+/T'<-5'!&$@%#I

!#-++5-<-41'61'A'T-,K@204-+/T7'61'.V%#I'<-5'!&$@%#I

<0H6E36E 15,62$,<IC==J,(#%)
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60HR<B3BH

9SNA('51*E,+17'.8*-.17'*82T/53017
99N9S'<-5'%#I'71,.1'`'9'T-,K@<87/+/T7'<-5'%#I
9DN9S'<-5'!&$@%#I''`'('T-,K'<87/+/T'<-5'!&$@%#I

!#-++5-<-41'61'A'T-,K@204-+/T7'61'.V%#I'<-5'!&$@%#I

!-7'61'6/TT0512*1'7/42/T/*-+/=1'617'<15T853-2*17

L*851'61'*82T/-2*1'<.,7'0.1=0'-=1*'!&$@I#%'><m?\?([B

<0H6E36E 15,62$,<IC==J,(#%)
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60<0S3180%'9%5RS06BR60H

K12,.06E91,15,62$,8693/2/:;,(#%L

$(

$9'L$%#

$('bL'`' QP&@I#%

P83<-5-/782'-,K'<15T853-2*17'61'QP&@I#%l
Z82@/2+04501'-,K'*5/+X517'<87/+/T7'61'51*E,+1

L+5-+04/1l
(N'%#I'`'QP&@I#%
9N'!&$'7/')'''''@ 68,+1'5-6/8.84/;,1'

@ T85+1'7,7</*/82'*./2/;,1'
"=1* T,7/82'!&$'-=1*'%#I'>`'QP&@I#%B
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INTRODUCTIONPARTIE	3
Radiomique

Définitions

Radiomique et	Sarcomes

Hypothèse initiale

Hétérogénéité
génomique

Hétérogénéité	
Phénotype IRM

Aggressivité
tumorale

Quantifier	l’hétérogénéité via	l’imagerie à l’aide d’outils mathématiques
d’analyse d’image – Analyse de	TEXTURE	et	de	FORME



M-$(;$F'%,@(@-+>

VELH',*'(9+9$#(

Z853-./W-+/82
Q128/7/24
#17-3<./24

Z853-./W-+/82
Q128/7/24
#17-3<./24

M#:9LF-#;'::$(,

X'+9"-':
0A9-+;9$#(

b5-*+-.H'
i-=1.1+'o

926 85615

O/7+845-3

LE-<1

6@&";9$#(
H@>';9$#( &':%

Q+-$+=>':

8#(:9-";9$#(%&'%
*#&'>': F-@&$;9$):

p*.-77/;,1q'
I-*E/21'.1-52/24H
#071-,K 61'21,58217

%2+045-+/82)
@ Q822017 *./2/;,17
@ Q822017 703-2+/;,17
@ ",+517 p@83/*7q

?1B65ER8B?51M36B?0%V
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Différentiation	Bénin	vs.	Malin
à Juntju J	et	al.	Machine	learning study of	several classifiers trained with texture	analysis
features to	differentiate benign from malignant soft-tissue	tumors	in	T1-MRI	images.	JMRI	
2010;31:680-9
à Thornhill	et	al.	Differentiation of	lipoma from liposarcoma on	MRI	using texture	and	
shape analysis. Acad Radiol 2014;21:1185-1194
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Différentiation	Bénin	vs.	Malin

Prédiction	du	grade
à Corino V	et	al.	Radiomics	analysis of	soft	tissue	sarcomas can distinguish intermediate
from high-grade	lesions.	JMRI	2018;47:829-840
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Différentiation	Bénin	vs.	Malin

Prédiction	du	grade

Prédiction	de	la	réponse	au	traitement	
à Tian	F	et	al.	Response assessment to	neoadjuvant	chemotherapy in	soft	tissue	sarcomas:	
using CT	texture	analysis in	comparison to	tumor	size,	density and	perfusion.	Abdom
Imaging	2014;40	:1705-12.	(Bevacizumab +	RT)
à Hayano K	et	al.	Texture	analysis of	non-contrast-enhanced computed tomography for	
assessing angiogenesis and	survival of	soft	tissue	sarcoma.	J	Comput	Assist Tomogr
2015;39:607-12.	(Bevacizumab +	RT)
à Crombé A,	Perier	C	et	al.	T2-based	MRI delta-radiomics	can	improve	response	prediction	
in	soft-tissue	sarcoma	treated	by	neoadjuvant	chemotherapy.	ECR	2018.	In	press (AI)
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Différentiation	Bénin	vs.	Malin

Prédiction	du	grade

Prédiction	de	la	réponse	au	traitement	

Prédiction	de	la	survie	et	de	la	rechute	métastatique
à Eary JF	et	al.	Spatial	heterogeneity in	sarcoma 18F-FDG	uptake as	a	predictor of	patient	
outcome.	J	Nucl Med	2008;49:1973-1979
à Vallières	M	et	al.	A	radiomics	model	from joint	FDG-PET	and	MRI	texture	features for	the	
prediction of	lung metastases in	soft	tissue	sarcomas of	the	extremities.	Phys.	Med.	Biol.	
2015;60:5471-5496.
à Vallières	et	al.	Enhancement of	multimodality texture-based prediction models via	
optimization of	PET	and	MR	image	acquisition	protocols:	a	proof	of	concept. Phys.	Med.	Biol.	
2017;62:8536-5565.
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&+,61'51+587<1*+/=1'e('<-+/12+7
bQa@!&$'1+'%#I'F-71./21'>$(H'$9bLB

],+*831)'7,5=12,1 61'30+-7+-71 <,.382-/51 >7,/=/ u('-2B'

.0B25E5<5D?0
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&+,61'51+587<1*+/=1'e('<-+/12+7
bQa@!&$'1+'%#I'F-71./21'>$(H'$9bLB

],+*831)'7,5=12,1 61'30+-7+-71 <,.382-/51 >7,/=/ u('-2B'

P50-+/82 61'3861.17 3,.+/=-5/07
@ bQa@!&$'71,.
@ %#I'71,.1
@ b,7/82'!&$@%#I

.0B25E5<5D?0
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&+,61'51+587<1*+/=1'e('<-+/12+7
bQa@!&$'1+'%#I'F-71./21'>$(H'$9bLB

],+*831)'7,5=12,1 61'30+-7+-71 <,.382-/51 >7,/=/ u('-2B'

P50-+/82 61'3861.17 3,.+/=-5/07
@ bQa@!&$'71,.
@ %#I'71,.1
@ b,7/82'!&$@%#I

`']<+/3/7-+/82'6,'<87+@+5-/+1312+'6V/3-417'
><82605-+/82'%#I'1+'!&$'.857'61'.-'T,7/82'617'/3-417H
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